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AN EXPERIMENT IN USING MICROCWETTES 
A description of a special inovulation chamber for im- 

planting isolated microbe cells is given. The microcuvettes 
are designed for growing cultures and observation under a 
microscope. The second article reviews plate glass manufacture 
in the USSR, and discusses the fabrication of microscope cover glasses. 

Owing to the cover thinness of their inner folds, the microcuvette types /213* 
described here are suitable for all the tasks listed at the beginning of the 
chapter. 
obtained with a capillary microselector. 

We used them chiefly for growing microcultures from single cells 

A s  mentioned above (see Chapter 6), the cell isolated by means of the micro- 
selector may be dropped into a test tube with a liquid or solid substrate. 
This is the simplest procedure, but in such "blind" inoculation the result will 
be clear only when the microorganism vigorously multipl'es, and a sufficiently 
large colony forms on the agar, or a thick suspension/iiom8 liquid substrate. 
The first most interesting, and least studied, initial stages in colony develop- 
ment are entirely inaccessible to observation. In order to make the study of 
the isolated cell possible and practically convenient from the very start of 
its germination or division, we shall perform the inoculation in the above- 
described microcuvettes. 

Circular microcuvettes are suitable for the seeding of just a single cell. 
Depositing 6 to 9 individual drops of substrate into an elongated rectangular 
cuvette, we may implant the same number of isolated single cells. 

A single-celled culture of fungi (e.g., Pen<e<ZZ<m) may be kept for an 
indeterminate length of time in individual round microcuvettes, 
must be transplanted from the composite elongated microcuvettes before the start 
of sporulation in the microculture. 

The colonies 
I 

Isolated cells are conveniently inoculated in microcuvettes by means of a 
I transplantation chamber which we specifically constructed. 

The latter is a heavy, and therefore steady, metal case, a general view 
of which is given in Figure 97. 
greater than that of the internal folds of the elongated cuvette, which makes 
it possible to move the latter lengthwise in the chamber. 
motion is accomplished with two glass blocks which almost entirely cover the 
side slits in the chamber. In the center of the inoculation chamber roof, a 
square hole is cut out and covered with an ordinary cover glass, which is held 
in place by a pair of springs. 

The width of the internal opening is somewhat 
/214 

The lengthwise 

I There are two or three inlets into the chamber. One is in the front part 
in the form of a slanting slot in the side wall pointing under the "window" into 
the center of the cuvette; the second leads from above to the same point in the 
form of an inclined tubular inlet covered with a cylindrical cap. For different 

*Numbers in the margin indicate pagination in the original foreign text. 
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Figure 97 

Inoculation Chamber for Implanting Isolated 
Single Microbe Cells Into the Microcuvette 

1 - Metallic housing of the chamber; 2 - 
Syringe with additional liquid substrate, 
3 - Glass block for moving the microcuvette 
under the chamber "windowt'; 4 - Strips with 
nests for moving several round microcuvettes 
into the implantation chamber at the same 
time. 

supplementary operations, a third inlet may be made alongside and like the second, 
also directed toward the center under the chamber "window". 

When oblong (rectangular) microcuvettes are used, a number of drops ( 6  to 9) 
of a heated sterile agar substrate (1 - 1.5%) are deposited with a fine pipette 
on the inner surface of the smaller fold. 
this purpose. 

Transparent media are desirable for 

While the substrate is being deposited upon it, the microcuvette surface 
may be protected from external infection by the external fold, the lid of the 
Petri dish, or the cover of the inoculation chamber. In the last case, the 
cover of the internal microcuvette fold is removed, and the leaf is quickly 
covered with the inoculation chamber. The glass blocks are used to move one 
of the ends of the microcuvette underneath the chamber "window." The cover 
glass is shifted slightly toward the rear wall, and the tip of the pipette 
with the melted agar is inserted into the slanting slot which is opened. While 
the cuvette fold is moved, one drop of substrate after another is deposited on 
it. Then the chamber is removed, and the microcuvette is quickly covered with 
the external fold previously sterilized in a flame. 

/215 

The microcuvettes thus prepared are stored in Petri dishes, the bottoms of 
Moreover, slides must be placed which must be covered with moist filter paper. 

under the microcuvettes in order to avoid possible absorption of water from 
the surface of the filter paper into the microcuvette (Figure 98). 

The microcuvette is removed from the moistened Petri dish only at the 
moment of inoculation--i.e., after successful infection of the capillary core 
of the microselector--and is then put under the inoculation chamber. 
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Microcul tures  i n  Cuvettes With Rectangular  Folds 

A - P e t r i  d i s h  wi th  r ec t angu la r  c u v e t t e s  prepared 
f o r  i nocu la t ion  of i s o l a t e d  microbe cel ls ;  B - 
A number of TomZa nigra microcu l tu re s  cu l tu red  i n  
microcuvet tes  from s i n g l e  ce l l s  i s o l a t e d  wi th  a 
mic rose l ec to r .  

To p r o t e c t  t h e  s u b s t r a t e  drops from t h e  extremely undes i r ab le  e f f e c t  of 
dry ing  out,which occurs  r a t h e r  qu ick ly  o u t s i d e  t h e  P e t r i  d i s h ,  a s h e e t  of 
mois t  f i l t e r  paper  must be put  under the  i n o c u l a t i o n  chamber, which i s  set on 
a g l a s s  which i s  f l ame-s t e r i l i zed  o r  swabbed wi th  a l coho l .  I n t o  one of t h e  
la teral  t u b u l a r  i n l e t s ,  p rev ious ly  p ro tec t ed  wi th  caps ,  we  i n s e r t  a sy r inge  o r  
p i p e t t e  w i t h  s te r i le  l i q u i d  s u b s t r a t e .  For PeniciZZiwn sp., f o r  example, t h e  
s u b s t r a t e  may be a sugar  s o l u t i o n ,  Czapek's s o l u t i o n ,  brewer ' s  mash, o r  simply 
water. 

A f t e r  t h e  fragment of t he  c a p i l l a r y  c o r e  wi th  t h e  c e l l  has  f a l l e n  i n t o  t h e  
receiver, a drop of l i q u i d  0.5 t o  1 .0  mm i n  diameter  i s  depos i ted  by t h e  sy r inge  

l o r  m i c r o p i p e t t e  on t h e  next  agar  drop i n  l i n e .  

3 



Figure 99 

Microcuvette Germination of P e n i c i / / i m  Spores 
Isolated by a Microselector (40  Hours After 
Inoculation; Magnification 40 x 15). 

The cover glass is moved from the slot, the receiver is introduced into 
the inoculation chamber, and the core fragment is dropped into the substrate 
drop (see Chapter 6 ,  Section 4 ) .  

After implantation, the cuvette must be closed by the external fold, 
turned up by the thin lid, and examined under the microscope. 
thinness of the internal fold covering and the slight depth of the agar drops, 
the object is quite accessible for high magnifications under the microscope. 
With an ocular of 10 or 15, and an objective of 40 or 60, not only isolated 
conidia, but also bacterial cells are clearly visible in the channel of the 
core fragment if the latter lies with its face upwards. This fragment must, 
of course, be determined in the microcuvette with weak illumination. 

Owing to the 

When separate, round microcuvettes are used for the seeding, they must be 
put into a holder in the shape of a rectangular plate with round nests in order 
to be conveniently moved in the inoculation chamber. 
with microcuvettes and placed in the inoculation chamber. The covers must be 
gradually taken off the microcuvettes as they are moved under the roof of the 
inoculation chamber. 

This holder is filled 

After the microcuvette has been examined and the drops determined in 
which an isolated cell--or in any case the segment of the capillary core--is 
actually observed the microcuvette is returned to the moistened Petri dish and 
set to mature. 
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Figure  100 

Microcul tures  i n  the  Green Alga ChZoreZla Evolved from 
a S ing le  C e l l  by Means of t he  Microse lec tor .  

a - C e l l  ha s  been i s o l a t e d ,  bu t  has  n o t  proceeded t o  
d i v i d e  i n  t h e  channel of t he  co re  fragment i n  a l l  fou r  
pe r iods  of microcul ture  observa t ion ;  b y  c - An i s o l a t e d  
ce l l  has  proceeded t o  d iv ide  whi le  remaining i n  t h e  
channel of  t h e  c a p i l l a r y  core fragment;  d - Immediately 
a f t e r  placement of t he  c a p i l l a r y  co re  fragment on t h e  
s u b s t r a t e ,  t h e  i s o l a t e d  c e l l  has  l e f t  t h e  channel ;  
f a s t e r  microcolony development i s  de tec t ed  (magnif icat ion 
10 x 4 5 ) .  

The descr ibed  microcuvet te  device  makesit  poss ib l e  t o  fo l low t h e  germinat ion 
of t h e  i s o l a t e d  c e l l  and i t s  development under powerful microscopic  magni f ica t ion ,  
wh i l e  p r o t e c t e d  from e x t e r n a l  i n f e c t i o n .  F igure  99, f o r  example, r e p r e s e n t s  
germina t ion  of conid ia  of PeniciZZkun s p .  a t  room temperature  on Czapek's agar  
on t h e  second day a f t e r  they  were i s o l a t e d  wi th  t h e  c a p i l l a r y  mic rose l ec to r .  

1216 

F i g u r e  100 shows t h e  development of s i n g l e - c e l l  c u l t u r e s  of t h e  green  a l g a  
ChZoreZZa s p .  i s o l a t e d  by a microse lec tor  and sown i n  microcuvet tes .  Owing t o  
t h e  f e a s i b i l i t y  of  employing s t rong  magni f ica t ion ,  w e  w e r e  a b l e  t o  trace t h e  
m u l t i p l i c a t i o n  of t h i s  a l g a  from a s i n g l e  ce l l .  I n  one of t h e  cases (a) shown 
i n  F igu re  100,  t h e  i s o l a t e d  ce l l  remaining i n  t h e  channel d i d  n o t  even proceed 
t o  d i v i d e  i n  2 1  days of observa t ion .  I n  two cases ( b y  c) t h e  o r i g i n a l  c e l l  
remained i n  t h e  channel of t h e  c a p i l l a r y  c o r e  fragment. 
c e l l  i s o l a t e d  i n  t h e  co re  segment was soon c a r r i e d  out  of t h e  channel i n t o  t h e  
sur rounding  s u b s t r a t e  (d) .  It had proceeded t o  d i v i d e  a day earlier. 

I n  t h e  f o u r t h  case, t h e  

5 
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Staying in the channel apparently 
delays the cell-division rate, but 
does not introduce any essential dis- 
turbances. We ascertained this by 

colonies of different microorganisms 
from cells vhich remained within the 
capillary core fragment. Such cases 
are rare during isolation by the 
microselector and are easily detected, 
since--if the isolated cell has 
remained in the channel--a typical 
biscuit-shaped (dumbbell-shaped) 

-- - - _ _  - .. 
--  observing the development of micro- 

I 

Figure 101 

Microcolony of Day-old Diphtheria microcolony is formed when the cell 
Bacillus Culture Evolved From a divides repeatedly, as is evident in 
Single Cell Isolated By a Micro- Figure 101. This figure represents 
Selector. a microphotograph of a day-old diph- 

theria bacillus microcolony grown 
from a single cell isolated by the capillary microselector (Bayard, 1951). 

Only by means of the microcuvette may we trace the development of microbe 
cells when they are isolated by the microselector. 
test tubes or flasks, we can derive an idea only of the percentage of success- 
ful isolations. The reasons for the failures, however, may vary: Either the 
segment of the capillary core with the cell did not reach the substrate during 
seeding, or possibly the isolated cell was non-viable and--although found on 
the substrate--did not proceed to divide. Cases are, moreover, not excluded 
where the isolated cell begins to divide, but thereafter the development of the 
microcolony may be suppressed by some harmful factor, including cases of the 
multiplication of contaminating extraneous microflorae. 
conidia of PeniciZZiwn sp. during isolation, we were able to determine more 
accurately the specific causes of negative results when working with the 
microselector. 
fragments with PeniciZZiwn sp. spores (about 20%) did not fall onto the sub- 
strate drops. 
in the microcuvette dispersed on the dry glass surface outside the drops--and 
therefore the cells in them could not develop--or they stuck to the surface of 
the capillary receiver and the cells died when the receiver was flame-sterilized. 

During implantation in 

/217 
I 

And in fact, by using 

As is evident from Table 10, a certain number of detached core 

The reason is that, when seeded, these fragments either appeared 1218 

It is natural that not every core segment with a cell gives rise to a 
microcolony after it has reached the substrate in the microcuvette since not 
all cells isolated are capable of germination or division. 
the comparatively large size of PeniciZZiwn spores, we repeatedly had the 
experience of detecting cells in the core fragments which did not even germinate 
during the whole course of the experiment. 

Owing, in fact, to 

At times PeniciZZiwn conidia were absent from a detached fragment of the 
capillary core, whose channel was carefully examined at high magnification. 
Direct observations showed that the disappearance from the capillary channel 
of the isolated cell which is incapable of active movement, can occur only 
after it is immersed in the substrate drop, and is a purely physical phenomenon. 
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Micro- 
cuve t t e 

Made F a l l i n g  
on Drops 
of Liquid 
Subs t ra t e 

6 6 
6 

3 7 6 
4 6 6 
5 9 9 
6 8 5 
7 8 6 
8 4 2 
9 8 6 

10 8 5 
11 7 4 
1 2  2 1 
1 3  9 5 
1 4  8 6 
15 5 5 

1 

2 1 7  

TABLE X 

Number Number Number 
of of of Micro- 

Number b rde r  of Micro-. 
Colonies of Detach- Detached co lon ie s  
Developed Micro- merits Segments Developed 
From One cuve t t e  Made F a l l i n g  From One 
C e l l  on Drops C e l l  

Number 

of Liquid 
Subs t r a t e  

5 1 6  8 6 2 
5 17 7 7 4 
4 1 8  8 6 0 
4 19 8 6 1 
3 20 7 7 2 
4 2 1  6 6 3 
6 22 8 6 3 
2 23 4 4 3 
2 24 7 5 2 
4 25 8 6 3 
2 26 7 6 3 
1 27 7 5 3 
5 28 6 6 2 
2 29 7 6 4 

T o t a l  205 160 89 5 

~- 

COMPUTED GERMINATION OF ISOLATED PENICILLIUM SPORES I N  MICROCUVETTES 

The cells are c a r r i e d  out  of t h e  channel by t h e  cu r ren t  of l i q u i d  genera ted  by 
t h e  d i f f e r e n c e  i n  concent ra t ions  wi th in  and without  t h e  c a p i l l a r y .  
conducted p e r t i n e n t  experiments confirming t h i s  assumption wi th  t h e  same 
s p h e r i c a l  
5 ) .  It i s  d i f f i c u l t  t o  f i n d  a n  ind iv idua l  ce l l  i n  t h e  microcuvet te  beyond t h e  
conf ines  of  t h e  c a p i l l a r y .  

We 

ChZoreZZa cells which w e r e  very c l o s e  i n  s i z e  (see Chapter 6 ,  Sect ion  

It seems t o  us  t h a t  use  of t h e  proposed microcuvet tes  could s u b s t a n t i a l l y  
advance the s tudy  of s o i l  mic ro f lo rae  by Vinogradskiy 's  method i n  t h e  ve r s ions  
of N.  G .  Kholodnyy (1936)  and D. M. Novogrudskiy ( 1 9 4 8 ) .  I n  t h e  l a t te r  ve r s ion ,  
t h e  e s sence  of t h i s  method l i es  i n  t h e  f a c t  t h a t  f i n e  e a r t h  obta ined  from s o i l  
reduced t o  a n  a i r -dry  s ta te ,  comminuted i n  a mor ta r ,  and s i f t e d  through a sc reen  
w i t h  a mesh of 0.25 m, is sown on P e t r i  d i s h e s  wi th  agar ized  water. 
of t h e  l a c k  of any n u t r i t i v e  substances i n  t h e  s u b s t r a t e ,  t h e  microbes begin  
t o  develop i n  d i r e c t  proximity t o  the  s o i l  p a r t i c l e s .  They mul t ip ly  s lowly,  
make no vast accumulations i n  t h e  form of t y p i c a l  co lon ie s ,  bu t  l i v e  

Because 
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Figure  

, 
B 

10 2 

Instrument  f o r  T rans fe r r ing  Micro- 
co lon ie s  From The Agar Medium Under 
t h e  Microscope. 

A - Const ruc t ion  of t h e  instrument:  
1 - Glass p i s t o n  wi th  l o n g i t u d i n a l  
opening; 2 - Thin-walled tube wi th  
sha rp  edge of non-corrosive metal, 
3 - Wire s p r i n g  rod f o r  p u t t i n g  
t h e  round cover g l a s s  on t h e  colony, 
4 - Rota t ing  h o r i z o n t a l  k n i f e ,  
5,  6 - Handle of t h e  r o t a t i n g  
k n i f e .  B - Excision of colony 
from a g a r  medium i n  P e t r i  d i sh :  
1, 2 -- Instrument  wi th  k n i f e  
cover ing  t h e  tube  opening i s  
v e r t i c a l l y  p laced  a t  t h e  s u r f a c e  
of the aga r  over  t h e  colony, 3 - 
Knife  is  d e f l e c t e d  t o  t h e  s i d e ,  
and edges of tube  are sunk i n  top 
l a y e r  of aga r ,  4 - Subs t r a t e  over 
t h e  colony i s  c u t  ou t  by turn ing  
t h e  k n i f e .  

incomparably longer  than, f o r  example, 
on meat-peptone agar .  
i s  obta ined  which, i n  t h e  opinion of 
D. M. Novogrudskiy, approaches t h a t  
under n a t u r a l  circumstances,  and is 
more s u i t a b l e  f o r  p r o t r a c t e d  observa- 
t i o n s  (Novogrudskiy, 1948).  

A growth p i c t u r e  

During microscopy of t h e  micro- 
co lonies ,  however, t h e  P e t r i  d i sh  sown 
w i t h  f i n e  earth must b e  open when 
placed under t h e  microscope, s i n c e  
otherwise i t  i s  imposs ib le  t o  o b t a i n  
the g r e a t  magni f ica t ion  needed here .  
This undoubtedly l e a d s  t o  contamination 
from wi thout ,  even of such a low- 
n u t r i t i v e  medium as agar ized  water, and 
t o  des i cca t ion  of t h i s  s u b s t r a t e .  
The cons iderable  th i ckness  of t h e  aga r  
l a y e r ,  moreover, impairs  t h e  i l l u m i -  
n a t i o n  condi t ions .  Therefore ,  D. M. 
Novogrudskiy proposes that--for  a more /219 
d e t a i l e d  s tudy  of i n d i v i d u a l  micro- 
co lonies  of s o i l  microf lorae-- indivi-  
dua l  s m a l l  d i s k s  of aga r  be cu t  ou t  
of t h e  P e t r i  d i s h  wi th  a g l a s s  tube  
and be  t r a n s f e r r e d  t o  a s e p a r a t e  g l a s s .  
The lat ter ope ra t ion  may be rendered 
more p r e c i s e  i f  a s p e c i a l  instrument  
designed by t h e  au tho r s  i s  used. This 
ins t rument  c o n s i s t s , a s  is  shown i n  
F igure  102A, of a thin-walled m e t a l  
tube 8 t o  10 mm i n  diameter  wi th  sha rp  
edges of a non-corroding, b i o l o g i c a l l y  
i n e r t  metal ( tantalum o r  s t a i n l e s s  
s t e e l )  and a m e t a l  b l ade  i n  the  form 
of a t h i n  d i s k  of t h e  same diameter 
as t h e  tube  and movably a f f i x e d  t o  i t s  
lower p a r t  on a long rod. A c y l i n d r i -  
cal  g l a s s  cy l inde r  moves i n s i d e  t h e  
metal tube.  For every p repa ra t ion ,  on 
t h e  tube between t h e  p i s t o n  and k n i f e  
w e  apply a changeable round covering 
g l a s s .  

I n  o rde r  t o  o b t a i n  a s u f f i c i e n t l y  
t h i n  s l ice  of t h e  s e l e c t e d  s u p e r f i c i a l  
l a y e r  of aga r ,  w i th  minimum d i s tu rbance  
of t h e  microscopic  o b j e c t ,  t h e  i n s t r u -  
ment descr ibed  (Figure 102B) wi th  i t s  
lower opening c losed  and a c i r c u l a r  

8 



covering g l a s s  i n  p l a c e  i s  brought c l o s e  t o  the r e q u i s i t e  l o c a t i o n  i n  t h e  P e t r i  
d i sh .  The c u t t i n g  d i s k  i s  d ive r t ed  t o  the  s i d e  by tu rn ing  t h e  handle ,  t h e  
edges of t h e  cy l inde r  are pressed  i n t o  the  aga r  t o  a s l i g h t  depth ,  and t h e  
d i s k  i s  r e tu rned  t o  i t s  o r i g i n a l  pos i t i on .  
of agar  wi th  t h e  ob jec t  s e l e c t e d  is  c u t  off  i n  t h e  tube.  
f e r  i t  t o  t h e  s l i d e ,  i t  i s  s u f f i c i e n t  t o  open t h e  lower end of t h e  tube  i n  
t h e  immediate proximity of the s l i d e  s u r f a c e  by d i v e r t i n g  t h e  c u t t i n g  d i s k  t o  
t h e  s i d e .  Then t h e  s l ice  of agar  w i t h  i ts  l i t t l e  round covering g l a s s  f a l l s  
onto t h e  s l i d e ,  p a r t i c u l a r l y  i f  t h e  round covering g l a s s  is  pressed  s l i g h t l y  
by t h e  w i r e  pusher of t h e  p i s ton .  

A f t e r  t h a t ,  a t h i n  c i r c u l a r  p l a t e  
I n  o rde r  t o  t rans-  

/220 

A clear p i c t u r e ,  which is  s u i t a b l e  f o r  observa t ions  of g r e a t  magni f ica t ions  
under t h e  microscope, may, however, b e  obtained without  d i s t u r b i n g  microbe 
l i f e  around t h e  f i n e  e a r t h  p a r t i c l e s  i f  t h e  f i n e  e a r t h  is n o t  sown i n  a P e t r i  
d i s h ,  b u t  i s  sown d i r e c t l y  i n  t h e  above-described e longated ,  r ec t angu la r  micro- 
cuve t t e s .  
s u r f a c e  of t h e  t h i n  cover of t h e  microcuvet te ,  sown wi th  f i n e  e a r t h ,  and i f  
t h e  microcuvet te  is  p laced  i n  a P e t r i  d i sh  used as a humidity chamber--as 
descr ibed  above (Figure 98)--the development of t h e  s o i l  mic ro f lo rae ,  r e l i a b l y  
p ro tec t ed  aga ins t  e x t e r n a l  i n f e c t i o n  and s u b s t r a t e  des i cca t ion  (Table X I V ,  1-3), 
may be  t r a c e d  r epea ted ly  f o r  a long t i m e  a t  h igh  magni f ica t ions ,  inc luding  
immersion. 

I f  agar ized  water is  app l i ed  i n  an  uniform l a y e r  t o  t h e  i n n e r  

To i l l u s t r a t e  t h i s ,  l e t  us  once more d i scuss  an example of t h e  use  of 
microcuvet tes .  As previous ly  r epor t ed  (Chapter 2 ) ,  w e  used a c a p i l l a r y  
peloscope t o  d iscover  a l a r g e  number of e n t i r e l y  new microorganisms. 
them cannot be de t ec t ed  during inocu la t ion  onto  t h e  usua l  s y n t h e t i c  s u b s t r a t e s .  
As i t  develops,  however, some of t h e s e  microbes are neve r the l e s s  capable  of 
pas s ing  from t h e  c a p i l l a r i e s  of t h e  peloscope t o  agar  media, a t  t i m e s  becoming 
cons iderably  modified morphologically.  It i s  most convenient t o  use  rectangu- 
l a r  microcuvet tes  t o  fo l low t h e  development of t h e  microepib ionts  of t h e  
pe loscop ic  c e l l  o r  t h e  f a t e  of t h e  s t r i p s  p laced  on s o l i d  s u b s t r a t e s  of 
vary ing  composition. Under h igh  magni f ica t ion ,  t h e  conten t  of t h e  pe loscopic  
cel l  channels  and t h e  microorganisms developing i n  t h e  t h i n  agar  l a y e r  a t  t h e  
c a p i l l a r y  o u t l e t s  (Table XV) are c l e a r l y  v i s i b l e .  Here, i t  must be  borne i n  
mind t h a t  by no means a l l  microorganisms of loose  s o i l s  are capable  of 
producing co lonies  v i s i b l e  t o  t h e  naked eye on a s o l i d  s u b s t r a t e .  
cases growth s t o p s  wi th  t h e  formation of i n d i v i d u a l  microcolonies ,  which may 
be seen  only  under g r e a t  magnif icat ion.  Although occurr ing  i n  cons iderable  
numbers, they  are n o t  v i s i b l e  i n  P e t r i  d i shes  and are caught only i n  micro- 
c u v e t t e s  w i t h  c a r e f u l  examination under powerful magnif icat ion.  
some t y p i c a l  r e p r e s e n t a t i v e s  of mud microflorae--as,  f o r  example, MetaZZogen- 
i w n  personaturn Perf--begin developing on an a r t i f i c i a l  s u b s t r a t e  only a f t e r  
a p r o t r a c t e d  per iod  of t i m e  (about 3 o r  4 weeks) a f t e r  i nocu la t ion .  

Most of 

I n  some 

Moreover, 

For a microscopic  s tudy  of anaerobes i n  microcul tures ,  t h e  c a p i l l a r y  g l a s s  
t echn ique  may provide a s u b s t a n t i a l  supplement t o  t h e  method proposed by 
For tne r  (1935). 

A clear p i c t u r e  of anaerobe development i n  t h e  mic rocu l tu re ,  a c c e s i b l e  t o  
microscopy under powerful magni f ica t ions ,  may be obta ined  i f  germination is 
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c a r r i e d  on i n  a c a p i l l a r y  wi th  a r ec t angu la r  channel  and a t h i n  f l a t  l i d .  
purposes of s t r e n g t h ,  t h e  bottom of such a c a p i l l a r y  must b e  s u f f i c i e n t l y  
heavy (about 1.0 mm). 
verse cross-sec t ion  conf igura t ion  shown i n  F igure  150, proved t o  be  convenient 
f o r  anaerobe microcul tures .  

. anaerobic  c u l t u r e  i n  hea ted  agar  i s  drawn i n t o  such a c a p i l l a r y  w i t h  a bulb ,  
a f t e r  which t h e  ends of t h e  c a p i l l a r y  a r e  plugged wi th  cement (Mendeleyev o r  
Krengel) ,  anaerobic  condi t ions  are crea ted  i n  t h e  channel wi thout  any addi t ion-  
a l  oxygen absorbents .  I n  c o n t r a s t  t o  the  Vignal-Veyon method based on t h e  use 
of round g l a s s  tubes ,  t h e  consecut ive development of microcolonies  and ind iv i -  
dua l  micrabe cells can be  c l e a r l y  examined microscopica l ly  under h igh  magnifi- 
c a t i o n ,  inc luding  immersion, i n  a rec tangular  g l a s s  c a p i l l a r y  wi th  a f l a t  l i d  
and wi th  s l i g h t  channel depth.  

For 

Cap i l l a ry  segments 70 t o  100 mm long, w i t h  the trans- 

. I f  a suspension of t h e  proper  d i l u t i o n  of t h e  

I f  necessary ,  s e l e c t e d  microcolonies  may be  exc ised  from t h e  c a p i l l a r y  
microcuvet te  f o r  f u r t h e r  propagat ion i n  pure  c u l t u r e s ,  Because of t h e  s imple 
conf igu ra t ion  of t h e i r  c ross -sec t ion  and t h e i r  s l i g h t  t h i ckness ,  t h e s e  cap i l -  
laries are inexpensive when manufactured i n  g r e a t  q u a n t i t y  by drawing. 

Table  X I V ,  4 and 5, show microphotographs of a bacter ium similar t o  
CZostridiwn pec t inovom developing i n  a c a p i l l a r y  channel. 
l i v i n g  c u l t u r e  were made under low magni f ica t ion  and i n  o i l  immersion. 

The photos of t h e  
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NASA TT F-10,728 

1 .  MANUFACTURE OF T H I N  GLASS STRIPS, PLATES, AND COVER 
GLASSES BY DRAWING SHEET GLASS 

8 Heretofore  t h e  problem of t h e  i n d u s t r i a l  manufacture of  inexpensive and 1463  
high-grade microchambers and microcuvet tes  needed f o r  s tudying  t h e  growth and 
development of microorganisms under the  microscope a t  h igh  magni f ica t ions ,  
and f o r  va r ious  o t h e r  experimental  opera t ions ,  has  remained p r a c t i c a l l y  un- 
solved.  

I The demand f o r  t h i n  g l a s s  p l a t e s  of a given th i ckness  i n  d i f f e r e n t  f i e l d s  
of i ndus t ry  and experimental  phys ics  is  f a r  from be ing  s a t i s f i e d .  

With t h e  cont inuously growing volume of s c i e n t i f i c  and p r a c t i c a l  work 
connected wi th  microscopy, t h e  l a c k  of cover g l a s s e s ,  which are needed n o t  on ly  
i n  s t anda rd  s i z e ,  b u t  a l s o  i n  t h e  form of more o r  less long s t r i p s ,  i s  be ing  
more and more manifested.  The demand f o r  high-grade cover  g l a s s e s  s u i t a b l e  f o r  
important  work under t h e  very h ighes t  microscopic magni f ica t ion  i s  e s p e c i a l l y  
g r e a t .  I n  t h i s  case, t h e  th ickness  of the cover g l a s s  must n o t  exceed 0.15- 
0.17/mm. 
g l a s s e s  are advisable  f o r  mounting microtomic series. 

It is  our  opinion t h a t  comparatively narrow ribbon-shaped cover  
I 

The reason f o r  t h e  extreme short-supply of high-grade cover g l a s s e s  and 
l a c k  of product ion of g l a s s  s t r i p s  and var ious  microcuvet tes  and microchambers 
s u i t a b l e  f o r  microscopy under h igh  magnif icat ions i s  t h e  extremely low techno- 1464 
l o g i c a l  level of t h e  manufacture of e s p e c i a l l y  t h i n  glass-- in  p a r t i c u l a r ,  cover  
g l a s s e s  f o r  microscopy. 

Even i n  t h e  Sovie t  Union, a t  t h e  same t i m e  t h a t  microscopes are be ing  
I cont inuous ly  and success fu l ly  improved, cover g l a s s e s  are being made by t h e  

old-fashioned method of hand-blowing which has  come down i n  almost unchanged 
form from t h e  Middle Ages (Gastev and Rodin, 1946; Lebedev, 1928). 

The manufacture of cover g l a s s e s  by t h e  hand-blowing method, as i s  w e l l  
The master glassblower p i cks  up a s m a l l  do l lop  of t h e  known, is  as fol lows.  

g l a s s  m a s s  on t h e  prev ious ly  hea ted  end of t h e  pipe.  
an egg-shape and t h e  so-cal led " f lask"  o r  "gather1' i s  obtained.  
master c o l l e c t s  t h e  needed amount of g l a s s  mass on t h e  f l a s k ,  r o l l s  i t  on t h e  
wooden marver, and proceeds t o  blow the  g l a s s ,  g radua l ly  r o t a t i n g  t h e  p ipe  
about  i ts  l o n g i t u d i n a l  axis and blowing i n  a i r  by mouth. The r e s u l t  is  t h a t  
t h e  ga the red  p o r t i o n  of t h e  g l a s s  mass is  blown ou t  by t h e  master i n t o  a b i g  
bubble  of elongated shape. The f i n a l  shaping i s  given t o  t h e  blown g l a s s  i n  
t h e  so-ca l led  "p i t " ,  a deep t r ench  i n  which t h e  master swings t h e  blown g l a s s  
l i k e  a pendulum whi l e  cont inuously blowing a i r  i n t o  t h e  pipe.  Af t e r  blowing 
t h e  g l a s s  ou t  t o  a c e r t a i n  s i z e ,  t h e  master detaches i t  from t h e  p i p e  wi th  a 
s l i g h t  t a p .  
man t r a n s f e r s  i t  t o  t h e  anneal ing furnace.  Af t e r  anneal ing,  t h e  top  and 
bottom of  t h e  blown g l a s s  are c u t  o f f ,  conver t ing  i t  i n t o  a cy l inder .  The 
c y l i n d e r  i s  c u t  wi th  a diamond along the  g e n e r a t r i x  and i s  converted i n t o  a 
s h e e t  i n  s p e c i a l  s e p a r a t i n g  o r  mel t ing furnaces .  I n  t h e  c u t t i n g  shop, t h e  
s h e e t  is cu t  i n t o  p i eces  of t h e  proper s i z e .  Before t h i s ,  i t  i s  once more 

The b i t  of g l a s s  i s  g iven  
Then t h e  

Grasping t h e  blown g l a s s  wi th  s p e c i a l  tongs t h e  a s s i s t i n g  journey- 

I - -*---__ _ -  
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. annealed. 

The hand-blowing method of manufacturing s h e e t  g l a s s  r e q u i r e s  g r e a t  s k i l l  
and e x e r t i o n  of phys i ca l  s t r e n g t h  from the  worker, and a t  t h e  same t i m e  i t  is  
of low e f f i c i e n c y .  It is a t tended  wi th  g r e a t  waste s i n c e  only a s m a l l  p o r t i o n  
of t h e  blown cy l inde r  a t t a i n s  t h e  r e q u i s i t e  t h i ckness  w i t h  an even su r face .  
i n d u s t r i a l  product ion of window and o t h e r  s h e e t  g l a s s  has  been e n t i r e l y  conver- 
t e d  t o  t h e  machine method, whose e f f i c i e n c y  is cont inuously growing. 
machines used f o r  t h i s  purpose,  however, are capable  of process ing  shee t  g l a s s  
no t h i n n e r  than  1 mm o r ,  as an except ion ,  0.8 mm, and t h i s  s i z e  is  a t t a i n a b l e  by 
only a few p l a n t s .  A t  p r e s e n t ,  i n  t h e  c i t y  of K l in  a p i l o t  i n s t a l l a t i o n  f o r  
drawing s h e e t  g l a s s  0.5 t o  0.6 mm t h i c k  of a milky c o l o r  from t h e  g l a s s  m a s s  
has  been p u t  i n t o  opera t ion  (Tsa r i t syn ,  1960). I n  t h e  product ion  of cover 
g l a s s e s  answering t h e  requirements of modern microscopy, t h e  mechanized p rocess  
is n o t  used a t  a l l .  The g l a s s  f a c t o r y  "Druzhwava Gorka" is  p r e s e n t l y  performing 
experiments on producing cover g l a s s  by a mechanized method. 
s t r i p  is drawn from a molten g l a s s  mass, t he  q u a l i t y  of cover  g l a s s e s  is reduced 
because of banding (Tsa r i t syn ,  1960). This au tho r  r e p o r t s  t h a t  i n  Germany t h e  
t r a n s i t i o n  i s  being made t o  mechanized manufacture of cover  g l a s s e s  made of 
s h e e t  g l a s s .  

, 

The 

The 

But inasmuch as t h e  

Using t h e  "p r inc ip l e  of s i m i l i t u d e  drawing" earlier examined, s i n c e  1949 w e  
have been manufacturing i n  t h e  l abora to ry  e s p e c i a l l y  t h i n  g l a s s  p l a t e s  w i th  a 
th i ckness  of 1.0 t o  2.0 mm (from photographic g l a s s ) .  
c i p l e ,  a wide g l a s s  p l a t e  of s l i g h t  th ickness  should,  when drawn, be reduced i n  
both  i t s  c ross - sec t iona l  dimensions by the same f a c t o r  n and b e  converted i n t o  / 4 6 5  
a t h i n  f l a t  r ibbon. 

According t o  t h i s  p r in -  

I f ,  f o r  example, t h e  i n i t i a l  p l a t e  is  100 mm wide, 1.2 mm t h i c k ,  and h a s  an 

The 
e f f e c t i v e  l eng th  of 100 mm, then  t o  produce a r ibbon 0.17 mm t h i c k  t h e  width of 
t h e  g l a s s  work-piece must be  reduced by a f a c t o r  of s i x  s i n c e  1.2:0.17 = 6. 
width of  t h e  r ibbon obta ined  w i l l  be about 17  mm (100:6). 
of such a r ibbon may be found from t h e  above formula: 
o r  3.6 m. 

The expected l e n g t h  
y = 100 x 62 = 3600 mm 

To main ta in  t h e  conf igu ra t ion  of the  p l a t e  wh i l e  be ing  drawn, i n  a d d i t i o n  
t o  a s p e c i f i c  temperature  regime, a s p e c i a l  method of f a s t e n i n g  t h e  p l a t e s  t o  
prevent  them from bending and deforming is  needed. This  problem is  so lved  by 
f a s t e n i n g  t h e  i n i t i a l  g l a s s  p l a t e  work-piece i n  a p a i r  of f l a t  and e las t ic  
h o l d e r s ,  each of which may c o n s i s t  of two l a y e r s  of a sbes tos  board immediately 
cont iguous t o  t h e  g l a s s ,  and two i r o n  plates clamping t h e  g l a s s  t o  t h e  a sbes tos  
by means of  metal cleats and b o l t s .  
p l a t e s  of  t ransformer i r o n .  

The a sbes tos  board  may be  replaced by 

I E f f i c i e n c y  may be sha rp ly  increased  by us ing  a method of simultaneous 
drawing of several work-pieces i n  one furnace t o  produce g l a s s  s t r i p s  ( see  
Sec t ion  11, i n  t h i s  case r a i s i n g  t h e  number of p l a t e s  t o  be drawn t o  5 t o  7. 
It i s  on ly  necessary  t h a t  each of t h e  glass p l a t e s  b e  secu re ly  compressed and 
does n o t  touch t h e  ad jacent  p l a t e s  during t h e  drawing process  t o  avoid defor- 
mat ion and, e s p e c i a l l y ,  s t i c k i n g .  This requirement is  easy t o  f u l f i l l  i n  



1 .  

e 

I 

Figure  236 

Stack  of Seven Glass P l a t e s  w i t h  S ide  Notches 
Assembled With a P a i r  of Holders. 

A - Before drawing: 
2 - Pin ,  3 - Front  cleat ,  4 - Spacers ,  5 - Cot t e r  
p i n ,  6 - G l a s s  p l a t e s .  
wi th  remains of g l a s s  p l a t e s  a f t e r  drawing. 

1 - Rear ho lde r  cleat, 

B - V i e w  of one ho lde r  

p r a c t i c e  by ga the r ing  t h e  p l a t e s  i n t o  a block wi th  a s imple attachment c o n s i s t i n g  
of two p a i r s  of metal cleats and a set of t h i n  space r s  of t ransformer i ron .  By 
means of la teral  notches ,  each of t h e s e  i r o n  space r s  i s  h e l d  on t h e  p i n s  of t h e  
f a s t e n i n g  cleats (Fig.  236) .  

In o r d e r  t h a t  t h e  stack of g l a s s  p l a t e s  w i l l  be more s o l i d l y  fas tened  i n  t h e  
two h o l d e r s ,  on t h e  upper and lower ends of each of t h e  p l a t e s  pa i r ed  la teral  
grooves may b e  made w i t h  a diamond f i l e .  

Such a block is  assembled as follows. The upper and lower f a s t en ing  cleats 
w i t h  t h e i r  p i n s  ( threaded a t  t h e  ends) are placed on a h o r i z o n t a l  s u r f a c e  (e.g. ,  
a t a b l e )  w i t h  t h e  p i n s  upwards, and f i r s t  a l a y e r  of four  o r  f i v e  i r o n  spacers  
i s  p laced  on each of them, and then  a g l a s s  p l a t e .  W e  s e p a r a t e  t h e  second g l a s s  
p l a t e  from t h e  f i r s t  w i t h  a new l a y e r  of i r o n  p l a t e s ,  and so  on. 
g l a s s  p l a t e  w e  p l a c e  t h e  las t  l a y e r  of space r s  and t i g h t e n  t h e  whole block wi th  
a couple  of a u x i l i a r y  cleats and c o t t e r  p ins ,  o r  b e t t e r  s t i l l ,  n u t s  (Fig. 236A). 

On t h e  l a s t  
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Figure 237 

Version of Holder f o r  Glass P l a t e s  Which 
Does Not Require Grooves i n  P l a t e s .  

1 - Immobile cleat  connecting t h e  two U- 
shaped clamps, 2 - Holder, 3 - Removable 
cleat ,  4 - Spacers of t ransformer i r o n ,  
5 - Clamping screws, 6 - Glass p l a t e  work- 
p ieces .  

The e s s e n t i a l  disadvantage of t h i s  method of assembling t h e  b lock  is  t h a t  
t h e  grooves may b e  made i n  t h e  g l a s s  p l a t e s  only wi th  a diamond f i l e  i n  good 
working condi t ion .  This ope ra t ion  i s  r a t h e r  l abor ious  and may l ead  t o  crack 
formation i n  t h e  g l a s s  p l a t e s ,  which are p a r t i c u l a r l y  dangerous i f  they remain 
hidden dur ing  assembly of t h e  b lock  and are discovered only i n  s t r e t c h i n g .  

Therefore ,  as a v a r i a n t  w e  u t i l i z e  a ho lde r  which i s  s u i t e d  t o  clamping t h e  
p l a t e s  wi thout  grooves. 
s t a n t i a l l y  c u r t a i l e d  and t h e  danger of l a t e n t  c racks  i n  t h e  p l a t e  work-pieces 
is reduced. A block of these  p l a t e s ,  however, r e q u i r e s  more care during pre- 
l imina ry  h e a t i n g  s i n c e  wi th  an inadequately t i gh tened  clamp t h e  block may come 
a p a r t ,  and wi th  too  g r e a t  t i gh ten ing  of t h e  ho lde r  t h e  i n d i v i d u a l  p l a t e s  may /466  
crack. 

I n  t h i s  second method, t h e  prepara tory  work i s  sub- 

B e s t  r e s u l t s  are obta ined  wi th  spacers  of a sbes tos  board. In t h i s  case, 
because of t h e  relative s o f t n e s s  of the  material, t h e  g l a s s  p l a t e s  are n o t  
des t royed  even i f  they  are compressed i n  t h e  block wi th  g r e a t e r  f o r c e  than  i n  t h e  
preceding  vers ion .  The second advantage of a sbes tos  i s  t h a t  i t  does n o t  bake . 

i n t o  t h e  g l a s s ,  even wi th  cons iderable  overheat ing.  But because of t h e  substan-  
t i a l  th i ckness  of t h e  a sbes tos  board,  no more than  fou r  or  f i v e  g l a s s  p l a t e s  may 
b e  f a s t e n e d  i n  a holder .  

The ho lde r  des ign  represented  i n  Fig. 237 proved t o  be  of p r a c t i c a l  use.  
The wid th  of such a ho lde r  is  about 90 mm, b u t  t h e  g l a s s  p l a t e s  may be wider.  
The s p a c e r s ,  as i n  t h e  f i r s t  ve r s ion ,  are made of t ransformer i r o n  of t h e  same 
wid th  (90 m), b u t  without  notches,  o r  they are made of asbes tos  board. One of 
t h e  cleats of each ho lde r  is s o l i d l y  fas tened  t o  a p a i r  of U-shaped clamps and 
j o i n s  t h e m  ( 2 ) .  The second cleat (3)  of t h i c k  s h e e t  i r o n  (2 - 3 mm) 2s  Pressed  
t o  the g l a s s  (through i r o n  spacers )  by a p a i r  of s h o r t  screws (5). I n  o rde r  

- 

.- 
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Figure 238 

Holder With Stack of Glass P l a t e s  i n  
Sec t iona l  Shaf t  Furnace. 

A - During prel iminary hea t ing ;  B - A t  
S t a r t  of drawing. 

t h a t  t h i s  ho lde r  may b e  he ld  more secure ly  i n  t h e  furnace  clamps, t h e  e x t e r n a l  
s i d e s  of a l l  four  of i t s  m e t a l  cleats each have a shal low l o n g i t u d i n a l  groove. 

The b lock  of g l a s s  p l a t e s  assembled i n  one manner o r  another  i s  then  I467 
p l aced  i n  t h e  earlier descr ibed  s e c t i o n a l  s h a f t  furnace  (Chapter 14 ,  Sec t ion  3) 
f o r  drawing. 
lower p i n c e r s  of t h e  device.  

The b lock  is  he ld  he re  i n  a ver t ical  p o s i t i o n  by t h e  upper and 

During t h e  pre l iminary  hea t ing ,  the block occupies  t h e  lower p o s i t i o n ,  as 
Here t h e  upper holder  w i th  a p l a t e  length  of 18 cm must be shown i n  Fig .  238. 

. . 
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above t h e  maximum temperature  zone. 
lower p ince r s  must be p e r i o d i c a l l y  c a r e f u l l y  t i gh tened .  
t ransformer i r o n  space r s ,  care must be taken t h a t  t h e  neck formed when t h e  
p l a t e s  have begun t o  be drawn a p a r t  i s  loca ted  cons iderably  below t h e  upper 
holder .  
ho lde r  cools  as i t  leaves t h e  furnace ,  r e s u l t s  i n  c racking  of t h e  upper ends of 
t h e  s t r i p s  and i n  t h e i r  t e a r i n g  away from t h e  upper holder .  

A s  the  temperature  rises, t h e  upper and 
* 

' 

I n  t h e  case of 

8 Otherwise, t h e  i r o n  p l a t e s  may bake i n t o  t h e  g l a s s ,  which, when t h e  

I n  c o n t r a s t  t o  t h e  drawing of i nd iv idua l  work-pieces, t h e  t ens ion  i n  t h i s  
case  may no t  be i n t e r r u p t e d  even f o r  a shor t  per iod;  o therwise ,  t h e  i n d i v i d u a l  
g l a s s  p l a t e s  i n  t h e  so f t en ing  zone w i l l  unavoidably s t i c k  toge the r .  
i t  is  necessary  t o  t ake  care t h a t  t h e  motion of t h e  upper p ince r s  i s  not  
stopped by t h e  top  b a f f l e  of t h e  furnace (which must be opened i n  good time) 
o r  by any o t h e r  obs t ac l e .  
is  a l s o  prevented by applying s u f f i c i e n t  t e n s i l e  f o r c e  t o  t h e  block (not  less 
than  0.9 t o  1 . 3  kg) .  

Therefore ,  

Poss ib l e  bending o r  s t i c k i n g  of t h e  sof tened  p l a t e s  

The conversion of p l a t e s  i n t o  s t r i p s  is  shown i n  Fig.  238,B, whi le  Fig.  
236,B r e p r e s e n t s  t h e  lower ho lde r  w i th  the  remains of t h e  g l a s s  p l a t e s  a f t e r  
drawing. 

The r e s u l t  i s  t o  produce t h i n  g l a s s  s t r i p s  of p l ane -pa ra l l e l  c ross -sec t ion  
of g iven  th i ckness ,  b a s i c a l l y  corresponding t o  t h e  c a l c u l a t i o n s .  
d e v i a t i o n  from t h e  o r i g i n a l  form is apparent i n  t h e  s l i g h t  th ickening  of t h e  
edges of t h e  s t r i p  because of nonuniform temperature  d i s t r i b u t i o n  i n  t h e  
s o f t e n i n g  zone of t h e  workpiece. 
temperature  i s  somewhat lower than  i n  the  immediate neighborhood of t h e  h e a t i n g  
elements ( a s  has  a l r eady  been mentioned i n  Chapter 14 ) .  
conver t ing  t o  a s h a f t  furnace  of l a r g e  diameter t h i s  d e f e c t  may be completely 
co r rec t ed .  A s  tests have shown, t h e s e  s t r i p s ,  even wi th  thickened edges,  are / 468  
q u i t e  s u i t e d  f o r  microscopy of t h e  objec t  a t  va r ious  magni f ica t ions ,  inc luding  
immersion i n  o i l .  

A c e r t a i n  

In  the  c e n t r a l  p a r t  of t h e  s h a f t ,  t he  

W e  assume t h a t  by 

The same reason--i .e. ,  nonuniform furnace  temperature  f i e l d  w i t h i n  each 
zone when t h e  g l a s s  p l a t e s  are of grea twid th- -apparent ly  a l s o  causes a c e r t a i n  
d i s p a r i t y  i n  t h e  width of ad jacen t  segments of t h e  p a r a l l e l  s t r i p s .  
d e s p i t e  t h e  p e r c e p t i b l e  f l u c t u a t i o n s  i n  width,  t h e  g r e a t e r  p a r t  of t h e  drawn 
ar t ic le - -above  90%--proved t o  be wi th in  t h e  given s i z e  l i m i t s .  

However, 

The g l a s s  s t r i p s  a s s o r t e d  by th ickness  may be c u t  wi th  a diamond p e n c i l  
i n t o  squa re  segments of proper  s i z e  f o r  cover g l a s s e s .  It is  convenient t o  
make cover  g l a s s e s  wi th  ground edges from t h e  s t r i p s .  For t h i s  purpose,  a 
b lock  of 60 t o  90 s t r i p  segments of about equal  width and each 100 t o  150 nun 
long  is  assembled i n  Krengel' s cement (Fig.  239a). On a po l i sh ing  machine, a /469 
b lock  of t h e s e  s t r i p s  i s  ground toge ther  t o  t h e  r e q u i s i t e  width -- i . e . ,  t o  
15-18 mm and a second p a i r  of p r o t e c t i v e  p l a t e s  i s  cemented on t h e  ground 
s u r f a c e s  (Fig.  239b) The block thus  prepared i s  c u t  w i th  a diamond s a w  i n t o  
f o u r  t o  seven segments, depending on the p re sc r ibed  l eng th  of t he  cover g l a s s e s  
(Fig.  239c).  
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Figure 239 

Preparation of Cover Glasses Made of Glass Strips 

a - Stack of glass strips is cemented to the block 
between a pair of protective side plates; b - The 
second pair of protective plates is placed upon the 
block (upper and lower); c - The block is cut with 
a diamond saw. 

The following calculations may give an idea of the efficiency of our 
proposed method of manufacturing cover glasses. As indicated above, from one 
plate of sheet glass 100 mm wide, 1.2 mm thick, and length (effective) of 100 
m we may obtain a strip which--with a thickness of 0.17 m and a corresponding 
width of 17 mm--will have a length of 3 . 6  m. When seven plates are simultan- 
eously drawn, the total strip length will reach 3 . 6  x 7 = 2 5 . 2  m. 
result of a single drawing lasting 3 to 4 hours, including preliminary heating, 
we may obtain more than 20 m of glass strip which will yield up to 1000 cover 
glasses. The same strips cut into longer pieces are the initial material for 
the manufacture of microcuvettes (see Chapter 8) and a different type of flow- 
through chambers (Chapters 9 and 10). 

A s  the 

To summarize, we may state the following: 

1. The method which we propose for manufacturing especially thin glass 
plates and cover glasses requires no special room or expensive equipment. All 
the equipment needed may be restricted t o  a drawing installation of relatively 
.simple construction, a grinding machine, and a diamond saw (the latter is not 
obligatory if plans do not include manufacturing a v e r  glasses with edges ground 
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to the same width). The work may be performed in a small room with even room 
, 4 temperature and sufficiently high ceiling (not lower than 3.5 - 4.0 meters). 

4 2. No great skill or specialization is required of the operator to perform 
w 

8 this work. The work involves no physical exertion. 

. 3 .  The new method makes it possible to produce a thin flat glass strip in 
a considerable choice of width and thickness based on a simple preliminary 
calculation using the principle of "similitude drawing." 

4 .  The glass strips thus produced are entirely satisfactory for microscopic 
I work; in comparison to hand-blowing, the loss is insignificant. 

5. 
device, the proposed method is distinguished by its adequately high efficiency. 

Because of the feasibility of drawing several strips at once on one 

6 .  Since it is based on the use of measurable and regulatable factors 
(like furnace temperature regime, rate of block feed into the softening zone, 
degree of tensile force), the method which we propose permits mechanization and 
automation of the drawing process. This leads to the feasibility of converting 
the very backward business of manufacturing especially thin glass plates needed 
for cover glasses, microcuvettes, microchambers, etc. to a profitable machine 
technique. 

I470 
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